Five procedure-related complications were noted, all in the PCD group. Thirty-day mortality was 2.4 per cent. No difference was observed in clinical and treatment outcomes in both groups.
therapeutic choice for liver abscess drainage. However, to date, which should be the first-line treatment remains debatable.
Background
Liver abscess is a rare but potentially fatal disease. [1] [2] [3] [4] [5] [6] [7] [8] Historically, liver abscess has been managed exclusively by surgery. 2, [9] [10] [11] Advances in imaging technology have advocated the shift to minimally invasive interventional procedures. 1, 8, [10] [11] [12] [13] The advent and delivery of potent antimicrobials and improved ICU care have also improved patient outcomes. 2, 4, 14, 15 Surgery is now reserved for selected cases. 1, 2, 12, [16] [17] [18] [19] Despite these advances, mortality rates remain high. 1, 5, 9, [11] [12] [13] 17 The percutaneous intervention can either be a percutaneous aspiration (PA) or a percutaneous catheter drainage (PCD), but to date which should be the first-line treatment remains debatable.
Subjects and methods
Clinical data was retrieved from medical records, the hospital computer system, and the Picture Archiving and Communication System (PACS) for patients who underwent percutaneous aspiration and/or catheter drainage with the Interventional Radiology team at our tertiary medical centre from 2008-2013.
Forty-two patients underwent a total of 57 procedures. Out of 22 PA patients, 19 had a single (n=19) successful aspirate (nine out of 10 cases as successful needle aspiration and 10 out of 12 cases as successful catheter aspiration). In the unsuccessful arm, two patients had two (n=4) procedures and one had three (n=3) procedures done, respectively. PCD was performed in 20 patients. In the successful arm, nine patients had a single (n=9) drainage, two patients had two abscesses drained separately on the same setting on a single attempt each (n=4), and one had three drainage procedures for three different abscesses (n=3) on a single attempt each. In the unsuccessful arm, one patient had a single drainage (n=1), while seven others had two (n=14) procedures done.
A procedure was considered successful if there was no change in the initial procedure from aspiration to drainage or vice-versa, or subsequent surgery and successful drainage of the abscess allowing for clinical discharge. Procedural-related complications were noted independently but were not considered as a reason for failed treatment as the known risks were discussed with the patient prior to the procedure.
Intervention
Written consent, coagulation profile assessment, and coagulopathy correction were performed prior to the procedure. Ultrasonographic (US) guidance used the Phillips iU22 system with 3.5-or 5-MHz convex transducers, while CT guidance was carried out with the Phillips Brilliance 64 row detector CT unit. Lignocaine 1 per cent was the choice for local anaesthesia and conscious sedation with Fentanyl and Midazolam was sometimes used.
Aspiration PA was performed using either needle (size range 17-21 Gauge, median 18 Gauge) or pig-tail catheters (size range 6-10 French, median 10 French). Once the needle tip or catheter is within the abscess cavity, it is aspirated until no more pus can be aspirated. This is followed by needle or catheter removal.
Drainage
PCD was performed using self-locking pig-tail catheters (size range 6-14 French, median 10 French). Under image guidance, the catheter was placed within the abscess cavity using the modified Seldingers technique. Aspiration of the abscess material was then performed until no more pus could be aspirated. The catheter was secured to the skin for continuous external drainage. Follow-up imaging was performed only in patients who were not improving clinically. The attending physician made the decision for drain removal. Dislodged catheters were either repositioned or removed with subsequent PA being performed. Procedure details including technique, and number and size of needle and catheter were recorded. Patients who subsequently required PA, PCD, or surgery after the initial procedure were also documented.
Statistical analysis
Quantitative variables (patient demographics, laboratory findings, abscess characteristics, and length of stay) were analysed using Welch t-test for normally distributed data or a non-parametric test (Kruskal-Wallis rank sum test). Test of normality was performed using Shapriro-Wilk test. Categorical variables (clinical features, mortality, treatment success, and complications) were analysed using the Fisher's exact test. The level of significance was set at p value two-sided test <0.05. All statistical tests were done using the open source R language. Furthermore, the aetiologies of the abscesses were not uniform and formed a heterogeneous group. In addition, the type of interventional procedure performed was governed simply by operator preference and was certainly not random.
Results

Patients demographics
Forty-two patients aged between 28-93 years with a median age of 67 years underwent interventional procedures. There were more males (69 per cent) than females (31 per cent). There was no significant difference noted (Table 1) in both the age and sex when both groups were compared. 
Clinical features
Fever (47.6 per cent), abdominal pain (40.0 per cent), and septic shock (28.6 per cent) were the three main clinical presentations documented at admission. However, there was no significant difference observed between both groups when compared (Table 3) . 
Laboratory results
Apart from the significantly raised C-reactive protein (CRP) with a mean of 199.5mg/L, no difference was noted in the other blood parameters between both groups ( Figure 1 ). Despite 14 anaemic patients, only 9 (21.4 per cent) had a haemoglobin less than 100g/L.
Figure 1: Laboratory results
Imaging
A total of 48 ultrasound and nine CT-guided procedures were carried out.
Abscess characteristics
Abscess characteristics are detailed in Table 4 . 
Clinical and treatment outcomes
The clinical summary is detailed in Table 6 .
Complications
Five procedure-related complications ( Figure 2) were observed, all five in the PCD group. These were three catheter drain dislodgements, one subcapsular haematoma, and one pus discharge from the catheter exit site. All three dislodged catheters were self-locking catheters. (Table 7) . Thirty-day mortality was recorded at 2.4 per cent (one case). None of these mortalities were related to the procedures (Figure 3 ). 
Discussion
Consistent with previous reports, our series saw a large elderly population. 1, 3, [5] [6] [7] [8] [9] 11, 13, [16] [17] [18] [20] [21] [22] [23] [24] The peak average age has increased markedly. 9, 13 A slight male predominance was also observed. 3, [5] [6] [7] 9, 11, 14, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] Portal sepsis has been recognised as a common aetiology in the past. 11 Other reports have shown that biliary pathology is increasing in prevalence. 1, 3, 4, 6, 7, 9, 11, 13, 16, 17, [19] [20] [21] 23, 26 Some authors have classified both benign and malignant biliary pathologies together to show this prevalence. 4, 6, 7, 13 Conversely, we classified them separately to illustrate an increasing change from benign biliary pathologies to more malignant causes. 1, 22, 26 Similarly, reports have shown that liver metastasis has resulted in the rise of liver abscess incidences from one per cent to seven per cent. 1 Due to poor prognosis and patient outcomes, other authors have excluded underlying malignancies from their series. 2, 5, 15, 16, 23 We observed diabetes mellitus as an equally important aetiology with some authors describing it as the most common co-existing disease in their series. 2, 4, 7, 11, 20, 22, 27 Several reports also have found that majority of the liver abscesses were cryptogenic. 5, 7, 9, 11, 19, 24, 25, 27 The classical triad of fever, right upper-quadrant pain, and jaundice is often described in literature but is rarely seen clinically 2, 16, 27 as the symptomatology is often non-specific. 19, 20, 24, 25, 27 As a result, a high index of suspicion is often required for early diagnosis of liver abscess. 24, 25 Apart from reflecting an acute inflammatory response and liver anomalies, laboratory findings are non-specific to diagnose liver abscess. 24, 27 Reports have shown raised C-reactive protein (CRP) 3, 20, 24, 25 and leucocytosis 9, 11, 20, 21, 23 as common laboratory findings, but nearly all were statistically insignificant. Our findings are in agreement with the suggestion that in view of the non-specific symptomology, diabetics with fever and raised CRP, without a potential focus of infection should undergo abdominal imaging to rule out intra-abdominal infections due to the large blood flow to the right lobe 15, 17, 25 and the fact that the majority of the hepatic volume is in the right lobe. 15 The association of liver abscess size and treatment outcomes has been discussed with some authors suggesting that the initial abscess size does not affect the eventual outcome, 10, 16 while others found large abscesses more difficult to drain completely on a single attempt. 14 We did not study the characteristics of abscess septations or loculations, which may have influenced the choice of drainage method employed by each operator as not all the performed imaging's reported on the same.
The emergence of Klebsiella pneumoniae replacing Escherichia coli as an important pathogen is now being recognised with virulent strains reported worldwide. 1, 7, 9, 13, 15, 20, 21, 28, 29 The exact cause for the change in bacteriology is not known, but it was suggested that the increased use of indwelling biliary stents and broadspectrum antibiotics in the management hepatobiliary and pancreatic neoplasms could be a possible cause. 1 We found 12 monomicrobial and two polymicrobial isolates of Klebsiella pneumoniae with eight out of the 14 (57 per cent) isolates from diabetic patients. [28] [29] [30] Eleven of the isolates were obtained from solitary abscesses. This association has been reported previously. [28] [29] The ethnic breakdown in our series observed nine Caucasians, three Asians, one Aboriginal, and one African patient each who positively cultured for Klebsiella pneumoniae. Klebsiella pneumoniae has also been recognised for its extrahepatic manifestations, including the dreaded invasive liver abscess syndrome, 30 which was seen in two of our patients. 31 One manifested with cerebritis, endophthalmitis, pneumonia, liver, and calf abscesses occurring on a background of undiagnosed type 2 diabetes mellitus who had a stormy hospital admission and lost vision in the right eye, but was eventually treated successfully, while the other died within three days of admission following severe septicaemia secondary to the liver abscess, pneumonia, and meningitis. We found dissimilarities and inconsistencies between blood and pus cultures reflecting the possible causative liver abscess microbe as reported previously. 9 In some series the majority of abscess cultures were sterile. 12, 14, 15, 25 The management of six prospective studies were reviewed (Table 8) . Success rates have been reported between 90-100 per cent for PA 10, 12, 16, 25 and between 69-100 per cent for PCD. 1, 11, [13] [14] [15] 18, 21, 23 Some of these findings are from retrospective series and may be subject to selection bias. Average catheter drain remained in-situ is reported between five to eight days. 26, 27 Previous reports have described minor complications particularly involving in-situ catheter drainage. 4, 7, [12] [13] [14] [15] [16] 23, 24 Regardless, we have to acknowledge that this is an important concern often requiring further treatment. Generally, mortality rates are recorded between 1.5-31 per cent 1, 3, 5, 9, [11] [12] [13] 17, [19] [20] [21] [22] 24, 26 with our series observing an overall mortality of 23.8 per cent due to various underlying pathologies and a 30-day mortality of 2.4 per cent as a direct result of the liver abscess complications. Contrasting reports on the duration of hospital stay was observed 2, 10, [12] [13] [14] [15] 23, 25 suggesting that there is no particular procedure superior to the other in terms of recovery and hospitalisation.
Conclusion
In conclusion, our findings could not reject the null hypothesis that both PA and PCD are equally effective in the drainage of liver abscess. 23 The question is which modality should be the first-line treatment and to date that still remains debatable. Our retrospective review supports that PA should always be attempted first in the management of liver abscess due to its simplicity, effectiveness, and fewer procedural-related complications. 12, 13, 16, 19 Multiple abscess cavities can also be aspirated in the same setting. 10, 16, 19 However, when draining abscesses larger than 5cm, PCD is deemed more effective 15, 18, 23 taking into account that the mortality and morbidity rates are equal or less than the surgical group. 7, 11, 18, 19 Finally, surgery is recognised as the treatment of choice for liver abscess drainage with concurrent intra-abdominal pathology, multiloculated abscess with biliary communication and failure of PCD. 4, 19, 22 In view that the choice of therapy relies heavily on abscess factors, 6, 8 routine reporting of abscess characteristics, including loculations and septations should be emphasised. Research into predictors of mortality and treatment failure is timely. 3, 5, 11, 21 In summary: 1. PA and PCD are equally effective in liver abscess drainage. 2. PA should always be attempted first in the management of liver abscess due to its simplicity, effectiveness, and fewer procedural-related complications.
3. Operator choice of therapy relies heavily on abscess factors, thus routine reporting of abscess characteristics, including loculations and septations should be emphasised. 4. Repeated aspirations improved the success of treatment, and if done correctly, no significant increase in morbidity or mortality from the repeat aspiration sessions as previously reported. 5. No difference in time required for abscess resolution or duration of hospital stay was noted between both groups. Average time needed for a 50 per cent reduction in the abscess cavity size was significantly greater in the aspiration group.
The average time for total resolution of abscess, clinical improvement, and the mean hospital stay were similar in the two treatment groups.
Needle aspiration, if limited to two attempts, has a high failure rate. Repeated aspirations could improve success rates, but would be a traumatic experience for the patient. This, too, did not guarantee a cure.
Hence, percutaneous catheter drainage is more effective than needle aspiration in the treatment of liver abscesses. Although not achieving statistical significance, all three outcome measures of this study; hospital stay duration, treatment success rate, and mortality rate, favoured the intermittent needle aspiration group.
PNA was as effective as PCD. PNA should be considered as first-line management as the technique is easier, simpler, less time consuming, and cheaper.
The current study and authors' previous work have shown no significant increase in morbidity or mortality from the repeat aspiration sessions. Continuous PCD is more efficient than intermittent PNA. PCD is more efficient for multiloculated liver abscesses.
Percutaneous needle aspiration can be used as a valid alternative for simple abscesses ≤5cm in diameter or smaller.
Hospital stay did not differ significantly between the groups.
Nil
Exclusion of patients with coexisting malignant biliary disease, which is a poor prognostic factor and the leading cause of death among patients with pyogenic liver abscess. 
